Sleep disturbances and emotional dysfunction are commonly associated with gastroeophageal reflux disease (GERD). The aims of this study were to evaluate GERD symptoms and disturbance in erosive reflux disease (ERD) and nonerosive reflux disease (NERD) patients, and to compare sleep dysfunction, depressive mood, anxiety and quality of life (QOL) among the control, ERD and NERD patients in Korea.
Introduction
Gastroesophageal reflux disease (GERD) is defined as a condition that develops when the reflux of stomach contents causes troublesome symptoms and/or complications. 1 GERD is one of the most common and chronic gastrointestinal (GI) disorder. 2 Recently, the prevalence of GERD showed increasing tendency in Asia. 3, 4 Similarly, a multi-center cross-sectional review demonstrated that the prevalence of GERD is increasing up to 5% in the 2000s in Korea, 5 which implies that GERD has become important health care burden in Korea.
The symptomatic presentations of GERD are associated with various psychosocial and physical factors, such as chronic stress or emotional dysfunction, 6 abnormal reflux of gastric acid 7 and obesity. 8 It has been recognized that sleep disturbance and emotional dysfunction are commonly associated with GERD. Sleep disorders may cause GI disturbances, while GI symptoms may provoke or worsen sleep derangements. 9 In addition, prolonged acid contact time during sleep disturbances may provoke GERD. 10 However, most of the studies were performed from Western countries, and , to our best knowledge, there has been no study about the relationship between sleep and GERD in Korea so far. Emotional dysfunction, including anxiety and depression, is also associated with GERD. A previous report suggested that anxiety and depression were related with reflux symptoms, while no consistent association regarding reflux was found. 6 Quality of life (QOL) is influenced by various factors, including sleep and emotional status. As GERD affects these factors, QOL could be affected by GERD.
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GERD is classified into erosive reflux disease (ERD) and nonerosive reflux disease (NERD). Initially, NERD had been recognized as a mild form of ERD and it was generally accepted that NERD progresses to Barrett's esophagus through ERD. 12 However, recently, NERD is considered as a distinct categorical disease from ERD 13 and progression to ERD is relatively uncommon. 14, 15 In addition, various differences in epidemiology, pathophysiology, symptoms, and therapeutic response have been observed between NERD and ERD. [16] [17] [18] [19] From these backgrounds, the aims of the present study were to evaluate the symptoms and disturbances between ERD and NERD patients and to compare sleep dysfunction, depressive mood, anxiety and overall QOL of the controls, ERD and NERD patients in Korea.
M aterials and M ethods

Study Subjects
The subjects were enrolled prospectively at Seoul National University Bundang Hospital (SNUBH), between March 2010 and November 2012. All the subjects should receive upper GI endoscopy and should complete questionnaires about GERD symptoms, sleep characteristics, emotional status and QOL under the supervision of a well-trained interviewer. For the control, the subjects receiving health check-up examinations were enrolled. The inclusion criteria for the control group included normal upper GI endoscopic findings, and no symptom related to GERD confirmed by questionnaires. For control, the subjects who did not meet the exclusion criteria were enrolled when they were willing to participate in this study and sincerely accomplished the questionnaire. For the ERD and NERD groups, GERD patients having visited the outpatient clinic of one gastroenterologist (N Kim) were enrolled. The inclusion criteria for ERD and NERD groups were endoscopic findings and symptoms related to GERD confirmed by questionnaires. Following subjects were excluded; (1) subjects who had received upper GI surgery; (2) subjects who had any organic lesions on upper GI endoscopy including peptic ulcer disease and malignancy, except erosive esophagitis; (3) subjects who had taken proton pump in-hibitor (PPI) or H 2 blocker within 1 month; and (4) for NERD group, subjects who had symptoms lesser than one episode of heartburn or acid regurgitation per week, or did not respond to PPI. All subjects were of Korean origin. The study protocol was approved by the Ethical Committee at SNUBH and all subjects were provided with informed consent.
Classification of Erosive Reflux Disease, Nonerosive Relux Disease and Control Group
The subjects were classified into 3 groups; ERD, NERD and control group. ERD was defined by the presence of mucosal breaks at gastroesophageal junction in endoscopic finding, according to the Los Angeles (LA) classification of esophagitis. 20 The minimal change of reflux esophagitis was not designated as ERD. NERD was defined as more than one episode of heartburn or acid regurgitation per week with normal endoscopic finding, and positive response of PPI trial, meaning that more than 50% of symptom frequency were improved after 2-week PPI intake. Subjects with no symptom and normal endoscopic finding from health check-up were assigned as the control group. Biopsy was not done who had normal endoscopic finding.
Questionnaires
The clinical information of the subjects, including age, gender, medications, smoking, alcohol intake and monthly income were investigated. The 2 questionnaires were used to evaluate GERD symptoms. Seven GERD symptoms which consisted of esophageal and extra-esophageal symptoms were checked. Esophageal symptoms were heartburn and acid regurgitation, and extra-esophageal symptoms were chest pain, cough, globus symptoms, hoarseness, and epigastric soreness. GERD impact scale (GIS) was also used to assess GERD symptoms and impact of these symptoms on everyday life. The GIS is a validated questionnaire that was developed from systematic literature review and has been demonstrated to have good psychometric properties in diagnosis and is considered as a useful communication tool in managing GERD. 21 Higher ESS scores mean that the subject is sleepier during daytime and more than the score of 10 indicates significant sleepiness. Hospital anxiety and depression scale (HADS) was used to identify possible anxiety and depression among nonpsychiatric subjects. It is divided into anxiety and depression subscales, both containing 7 items. Each item is answered on a 4 point (0-3) response category. Higher HADS score denotes that the subject is more depressive or anxious, and more than a score of 7 of each subscale means potential anxiety disorder or depression. 25 World Health Organization quality of life scale abbreviated version (WHOQOL-BREF) 26, 27 was used to assess the QOL of subjects. It consists of questions of overall QOL and general health, and 4 domains as the following: physical health, medical treatment, psychological health and environmental domains, including access to health services. Its results are expressed as an overall score (range 0-100) and domain score (range 0-100) with higher score indicating better QOL. These 4 questionnaires (PSQI, ESS, HADS and WHOQOL-BREF) were validated in Korean. [28] [29] [30] [31] Statistical Methods SPSS for Windows (version 18.0; SPSS, Chicago, IL, USA) was used for all statistical analyses. Continuous variables were analyzed by using Student's t test, one-way ANOVA, Kruskal-Wallis test or Mann-Whitney test. Scheffe test was done as a post-hoc test. The χ 2 -test, Fisher's exact test or Cochran's Q test were used for analysis of categorical variables. ANCOVA was used for the adjustment in gender, age, body mass index (BMI), cigarette smoking, alcohol intake and income. All results were considered statistically significant when P-values were ＜ 0.05. Flow chart of study patients. GI, gastrointestinal; EG, esophageogastric; PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease; NERD, nonerosive reflux disease; ERD, erosive reflux disease. 
Results
Classification of Subjects
Two hundred and fifty-seven subjects underwent upper GI endoscopy and answered the questionnaires. Three patients who received upper GI tract surgery, 14 patients who had other lesions except reflux esophagitis in upper GI endoscopy, 1 patient who had taken PPI within 1 month, 16 patients who had not completed the questionnaires fully, and 6 patients with negative response of PPI trial were excluded. Finally, a total of 217 subjects were enrolled in this study. They were classified into 3 groups, according to endoscopic findings and GERD symptoms; 70 patients into the ERD group, 77 patients into the NERD group and 70 subjects into the control group (Figure) . Of 70 patients in the ERD group, 47 patients had LA-A, and 23 patients had LA-B. Between them, baseline characteristics were not different. Hence we analyzed all of those as ERD group. Table 1 shows the baseline characteristics of the subjects among the 3 groups, and then the comparison of ERD with NERD. There were more male patients in the ERD group (81.4%) than the control (50.0%) and NERD (51.9%) groups (P ＜ 0.001). Female proportion was higher in the NERD group (48.1%) than in the ERD group (18.6%) (P ＜ 0.001).
Characteristics of Participating Subjects
Smoker and alcohol consumer were more prevalent in the ERD group (52.2% and 71.1%) than in the NERD group (34.7% and 46.1%) (P = 0.043 and P = 0.003). BMI was higher in the ERD group (24.6 ± 3.1 kg/m Monthly income was significantly lower in the NERD group than the control and ERD group (P = 0.031). 
Reflux Symptoms and GERD Impact Scale
Patients with the reflux symptoms were significantly higher in the NERD group (100.0%) than ERD group (85.7%) (P = 0.025). Both of esophageal symptoms (P = 0.002) and extra-esophageal symptoms (P = 0.002) were significantly higher in the NERD group than in the ERD group. We also analyzed symptoms and disturbances between ERD patients with symptoms and NERD patients. The positivity of symptoms was not different between 2 groups, except for the chest pain. The pa-tients with NERD more suffered with chest pain (P = 0.006).
In addition, GERD symptoms score and impact of symptoms score were also calculated in ERD patients with symptoms and NERD patients according to GIS questionnaire, when we adjusted for age, gender, cigarette smoking, alcohol intake, income and BMI. ERD with symptom group showed 9.8 ± 0.4 and 6.5 ± 0.3, and NERD group 12.2 ± 0.4 and 9.2 ± 0.4, respectively ( Table 2) . Although there was no difference in terms of positivity of GERD symptoms between 2 groups, GIS score was significantly higher in the NERD than the ERD with symptom group (P ＜ 0.001 and P ＜ 0.001) ( Table 2 ).
Sleep Dysfunction, Anxiety, Depression and Quality of Life
When age, gender, cigarette smoking, alcohol intake, income and BMI were adjusted, the mean PSQI score was higher in the ERD (5.2 ± 0.6) and NERD (5.7 ± 0.5) groups than in the control group (3.9 ± 0.6) (P = 0.005 and P = 0.030, respectively). The mean ESS score was slightly higher in the NERD group, but it was not significantly different among the 3 groups. The mean HADS total score was higher in the NERD (15.0 ± 1.2) group than control (10.6 ± 1.2) group (P = 0.007). The mean HADS score of anxiety subscale was also higher in the ERD (6.2 ± 0.7) and NERD (7.0 ± 0.5) groups than control group (4.3 ± 0.7) (P = 0.004 and P = 0.002, respectively). In respect of QOL, WHOQOL-BREF of total, overall QOL and general health, and psychological domain scores were lower in the NERD (P = 0.002; P = 0.001; P = 0.002, respectively) and ERD (P = 0.014; P = 0.008; P = 0.015, respectively) than control group. The score of the environmental domain was lower in ERD group than control group (P = 0.018). In case of physical domain and social domain, the scores were lower in the NERD group than that of the control groups (P = 0.004 and P = 0.010). When the ERD and NERD groups were compared, the tendency of higher PSQI, ESS and HADS scores and lower WHOQOL-BREF scores were noted in the NERD than ERD groups, but statistical difference was not observed ( Table 3) . The results were similar comparing between ERD with symptom and NERD groups (Table 4) .
Discussion
There have been many studies regarding the effect of GERD on the QOL. However, there have been few studies, which compared QOL between ERD and NERD using the GIS questionnaire. In addition, the effect of GERD symptoms was analyzed comprehensively on the aspect of depression and anxiety by using the qualified questionnaires. It is also true that there have been scare data regarding sleep and GERD in Asia including Korea, where the prevalence of GERD is rather lower than in the Western countries.
In terms of basic characteristics, male was dominant in the ERD group, which is similar to the finding of the previous studies, which reported that ERD arose more frequently in male. 18, 32 However, female was not dominent in the NERD group, consistent with the findings of a Korean surveillance study. 33 The mean BMI was significantly higher in ERD than control and NERD groups. This result supported previous studies. 34 Interestingly, the BMI of female control group was slightly lower than the result of Korean survey in which the mean female BMI was around 23 with mean age of 45. 35 In addition, BMI was not associated with ERD in male subgroup, which could be originated from the high income state of control group. 36 There was a previous report that obesity was more frequent in well-educated men with high income, while it was lesser in women with same condition. 37 Our study showed that GERD symptoms were more frequent and severe in the NERD group, even when there was no organic lesion in upper GI endoscopy. Although there were no significant differences between the ERD with symptom and NERD group when we compared the presence or absence of symptoms, the severity of the symptoms and disturbance observed in GIS were worse in the patients with NERD. These results suggest that not only organic, but also other causes, such as visceral sensitivity, esophageal motility, and psychological factor could influence NERD, which has been proposed in other studies as well. [38] [39] [40] Previously, we reported that patients with NERD visited emergency center more often and they spent more medical cost than patients with ERD. 41 GIS is the scoring system not only for GERD symptom, but also for GERD symptom-induced disturbance in daily life, with consideration of frequency. GERD symptom and disturbance in daily life were different between the 2 groups in the present study. That is, disturbance in daily activities was more severe in the NERD group than the ERD group in analysis of GIS, which supports that there might be different etiology between ERD and NERD.
Sleep is important in the maintenance of homeostasis. It is influenced by complicated components, such as emotional factor, underlying condition, age, and gender. It has been reported re-garding the association of GERD with sleep dysfunction, 42, 43 emotional status, 44 and QOL, 45 usually in the Western countries.
In Asia, there were few studies regarding sleep and GERD. Some studies reported that sleep was not disturbed by ERD itself, but reflux symptoms induced sleep dysfunction. 46, 47 However, there were controversies in comparing ERD and NERD. It was also reported that sleep dysfunction was noted in GERD patients, despite of no difference between ERD and NERD. 48 This study is based on PSQI score, but small number of study population is one of the limitation of our study. Quality of sleep measured by PSQI was worse in the NERD (5.7 ± 0.5) group than control group (3.9 ± 0.6) in the present study. The significance disappeared when we compared ERD and NERD groups, suggesting GERD regardless of whether ERD (5.2 ± 0.6) or NERD, affects quality of sleep. But worse tendency of quality of sleep was observed in the NERD than ERD group. In terms of day time sleepiness (measured by ESS) the prevalence was too rare to show any difference among the 3 groups. In Korea, shorter sleep duration was generally observed than Western countries. 49, 50 There was a possibility that shorter duration of sleep could influence these insignificant results. Anxiety appeared to be associated with GERD in HADS. In the NERD group, the mean HADS total (15.0 ± 1.2), anxiety (7.0 ± 0.5) and depression (8.0 ± 0.8) subscales were higher than the categorization of cut off value itself of HADS, 10 and 7. These suggested that patients with NERD frequently feel anxiety and depressed mood. These results might be related with other results in that intensity of symptoms or impact on daily activities was more severe in the NERD than control group in the present study. Patients who are anxious might feel the same intensity of pain as the more severe one. The mean score of depression subscale also showed increasing tendency in the NERD group, but there was no statistical significance. It suggests that anxiety is more related with NERD than depression.
In terms of QOL, patients with GERD, both ERD and NERD, showed the significant deterioration than control group. Overall QOL and general health score and the psychological domain score (including self-esteem, positive and negative thinking, and learning) were lower in the GERD group than the control. However the physical domain (including discomfort, sleep, activity of daily living, and work capacity) was worse in the NERD than control. The satisfactions in socioeconomic state were significantly lower in the GERD group than control. However, the tendency of more severe deterioration of QOL in the patients with NERD than with ERD was also identified. It suggests that deterioration in the QOL is more distinct in the NERD group, and it is, especially, affected by a physical component. A previous report suggested that deterioration in the QOL was severe in patients with extra-esophageal symptoms 51, 52 and related with psychological factors, including both symptoms and mental components in patients with ERD and NERD subtype. 44 As anxiety was significantly higher in GERD than control group, these results might support that anxiety could be important for the determination of QOL. Sleep, emotion and QOL were affected by several factors, such as economic state, social habits and family stress. So we had adjusted for gender, smoking, alcohol and income, when we analyzed sleep dysfunction, emotional status and QOL. However, these results should be interpreted with caution because other factors which might affect those states could exist.
GERD was induced by transient relaxation of the lower esophageal sphincter, decrease of peristalsis of esophagus and swallowing to acid stimulation. 53 And it has been reported that hypersensitivity and mis-or hyper-perception were existed in NERD. 53 This was not limited to acidic stimuli only, but also included other stimuli such as pain. 54 In the present study, anxiety which considered to be associated with sensitivity and deterioration of QOL was frequently observed in the NERD group. That is, NERD patients suffer more severe GERD symptoms originated from the combined effect of hypersensitivity of esophagus itself and the psychological problem. These conditions affect and exacerbate each other, resulting in vicious cycle in the patients with NERD. Taken together, our results support hypersensitivity and misperception as the mechanisms of NERD. Our study has several limitations. First, NERD was not proved with ambulatory impedance pH monitoring in this study. So patients with functional dyspepsia could have been enrolled. 55, 56 Overlapping with irritable bowel syndrome was not checked also. This might be another confounder for the study results. Instead, we adopted the PPI response as diagnostic criteria of NERD. That is, we determined the PPI response by using standard dose with once daily regimen for 2 weeks, and the patients who improved more than 50% in symptoms with PPI were considered as NERD patients. 57 A response to PPI does not confirm to a GERD diagnosis based on reflux testing. However, it was difficult to accomplish ambulatory impedance pH monitoring to every patient. And the observation that 40 to 90 percent of patients with symptoms suggestive of GERD have symptomatic response to PPI raises the question of which diag-nostic approach is more relevant in practice. 58 A meta-analysis also supported that PPI therapy is equally effective in well-defined ERD and NERD. 59 In addition, as the controls and the GERD patients were enrolled from 2 different sources, i.e., one from health check-up subjects and the other from outpatient clinic there is possibility that the observed differences were actually the results from 2 different populations, but not from the GERD disease per se. Younger age, lower BMI and higher income in the control group than GERD patients could have been originated from this. However, other differences in baseline characteristics were considered mainly from the gender difference which was identified as one of the characteristics of disease in other studies. We also adjusted these differences when we analyzed the sleep, emotion and QOL.
In conclusion, our study showed that NERD patients felt more severe GERD symptom, and their daily activities were more affected than those of ERD patients. Sleep dysfunction was higher in the patients with NERD than control group. Anxiety and deterioration in the QOL were also severe in GERD, especially in NERD, compared to the control group, suggesting that the patients with NERD were suffering more from the disease and they might be more affected by psychological factors.
